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The complete nucleotide sequence of the gene encoding the major outer capsid protein VP2 from the Alberta isolate of
epizootic hemorrhagic disease virus serotype 2 (EHDV-2) was determined. Complementary DNA (cDNA) corresponding to
segment 2 was 3002 nucleotides in length with a single open reading frame that encoded a VP2 of 982 amino acids.
Although the VP2 from EHDV-2 was only 34% homologous to the cognate protein from EHDV-1, their predicted hydropathic
profiles were similar, suggesting that conservation of structure is important biologically to these capsid proteins. Sequence
analysis of six North American EHDV-2 field isolates showed a high degree of comparative genetic identity (97%). Phyloge-
netic profiles constructed suggest that regionalization of the viruses within the North American continent has contributed
to the genetic diversity. q 1996 Academic Press, Inc.
Viruses of the epizootic hemorrhagic disease (EHDV) The EHD viruses used in this study were obtained from
the reference collection at the Arthropod-borne Animalserogroup are the causative agents of a highly fatal
disease of white-tailed deer. These viruses are classi- Diseases Research Laboratories in Laramie, Wyoming
(Table 1). Segment 2 RNA from the plaque purified SVfied as Orbiviruses in the family Reoviridae (1, 2). Ten
different serotypes of EHDV are recognized worldwide, 124 strain of EHDV-2 was transcribed into cDNA and
prepared for cloning in bacteria essentially as describedtwo of which, serotypes 1 and 2, are found in North
America (3). previously (11, 12). Dideoxynucleotide chain termination
sequencing (13) was utilized for determining the se-EHDV are morphologically and biochemically related
to the bluetongue serogroup of orbiviruses (BTV) (4). The quence of the cDNA from both the plus and minus
strands of the cloned inserts. Based on the cDNA se-translated product of the segment 2 gene, VP2 (5), has
been determined to be the major serotype-specific anti- quence obtained from segment 2 of the SV 124 strain,
reverse transcription and polymerase chain reaction (RT/gen (6). In addition, VP2 in BTV is responsible for the
elicitation of virus-neutralizing antibodies (6, 7). Se- PCR) procedures were used to clone and sequence the
EHDV-2 field strains as described previously (14). Oligo-quence from the genome segment coding for VP2 has
extensive variability among the serotypes of BTV (8). This nucleotide primer sequences are available from the au-
thors upon request.variability has also been demonstrated among field iso-
lates of BTV-17 (9). Although the sequence of the genome Segment 2 cDNA clones of the SV 124 EHDV-2 strain
were 3002 nucleotides in length and possessed a basesegment coding for VP2 of EHDV-1 has been reported
(10), it has not been determined for EHDV-2. To more
fully describe the genetic relationships between these
TABLE 1
and other orbiviruses, the nucleic acid sequences of seg-
Prototype and Field Isolate Strains of EHDV-2ment 2 of the prototypic EHDV-2 and six field isolates,
which had different origins, were determined.
Virus strain Species Location isolated Year
SV 124 Deer Alberta, Canada 19621 The nucleotide sequences from the EHDV-2 prototype and the 600036 Culicoides Kentucky 1971
EHDV-2 field isolates have been deposited in GenBank and assigned 600038 Deer New Jersey 1975
the following Accession numbers: SV 124, L33818; 600036, L33821; 600041 Culicoides Colorado 1972
600038, L33822; 600041, L33823; 600042, L33824; 600044, L33825; 600042 Culicoides Colorado 1972
600045, L33826. 600044 Bovine Colorado 19722 To whom correspondence and reprint requests should be ad- 600045 Deer North Dakota ?
dressed. E-mail: wcwilson@uwyo.edu.
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FIG. 1. Alignment of the predicted amino acid sequences from the prototypic Alberta isolate (strain SV 124) of EHDV serotype 2 and the six
EHDV-2 field isolates (600036, 600038, 600041, 600042, 600044, and 600045). The alignment was performed using the procedure of Higgins and
Sharp (24). On the lower lines, an asterisk indicates a residue that is perfectly conserved with the Alberta isolate (strain SV 124), while a period is
indicative of a well-conserved residue.
composition of 34.28% A, 15.69% C, 25.18% G, and 24.85% erated a deduced amino acid sequence 982 residues in
length (Fig. 1) with an overall charge of 06.12 at neutralT. An open reading frame of 2946 nucleotides was
flanked by a 5* noncoding region of 17 base pairs with pH and a pI value of 6.39. Segment 2 and the deduced
VP2 from EHDV-2 were substantially longer than the cog-a presumed initiation codon (ATG) at positions 18–20,
and a 3* noncoding region of 36 bases (excluding the nate gene and protein from EHDV-1. EHDV-1 possesses
a segment 2 of 2968 nucleotides which encodes a VP2stop codon). Translation of the open reading frame gen-
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FIG. 1—Continued
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TABLE 2
The Percentage Identities of EHDV Segment 2 Nucleic Acid Sequences and Deduced Amino Acid VP2 Sequences (Indicated in Boldface)
EHDV-1 EHDV-2 BTV-1 BTV-2 BTV-10 BTV-11 BTV-13 BTV-14
NJ 124 AUS NA NA NA NA NA AHSV-4
EHDV-1, NJ 33.6 11.4 11.2 10.4 10.7 8.0 10.9 3.4
EHDV-2, 124 54.9 10.1 12.5 10.6 9.2 6.3 11.3 11.3
BTV-1, AUS 50.9 53.0 58.8 38.6 38.6 45.7 40.1 1.9
BTV-2, NA 52.9 52.2 63.0 38.9 38.5 47.3 39.5 3.1
BTV-10, NA 52.3 52.5 55.3 55.0 70.2 36.7 71.4 5.0
BTV-11, NA 51.8 53.2 54.8 55.0 67.8 37.6 72.5 2.3
BTV-13, NA 51.4 52.6 57.6 57.5 55.8 55.5 36.4 4.5
BTV-17, NA 52.6 52.2 55.5 56.7 69.4 68.9 55.3 4.7
AHSV-4 54.9 53.5 55.0 54.4 52.6 54.9 53.7 54.5
Note. Identities were calculated using the method of Myers and Miller (15). The prototypic Alberta strain is indicated as EHDV-2, SV 124, while
the letters following the other serotypes refer to New Jersey (NJ), North America (NA), and Australia (AUS).
of 971 residues (10). The segment 2 noncoding regions pattern of accumulation was not detected. An analysis
of nucleotide variation at synonymous positions (16) indi-were somewhat variable between EHDV-2 and EHDV-1.
Specifically, 14 of 17 nucleotides were conserved in the cated that regions of synonymous substitution exist
throughout the segment 2 gene (data not shown). Al-5* noncoding region, while 17 of 36 nucleotides were
conserved in the 3* noncoding region, as determined though several regions of conservation were found in
segment 2, including a long stretch of invariability nearfrom a best-fit alignment of the two serotypes (15). The
nucleic acid identity between EHDV-2 and EHDV-1 the 3* terminus, it was difficult to ascribe any significance
to these regions, since overall variation between isolates(54.9%) was very similar to the identities determined for
BTV and EHDV-2 sequences (52.2–53.2%) (Table 2). De- was minimal.
Variation, obtained from pairwise comparisons (15) ofduced VP2 amino acid identities between EHDV sero-
types 2 and 1 (34%) were substantially lower than the the deduced amino acid sequences of VP2 between the
prototypic EHDV-2 strain SV 124 and the field isolates,nucleic acid homologies (Table 2).
Genomic RNA segment 2 from six U.S. EHDV-2 field ranged from 98.2% to 99.3%. The total number of residue
isolates were sequenced completely to estimate genetic changes from all 6 field isolates, with respect to the
diversity. The viruses were selected to provide an overall prototype VP2 sequence, was 48. Among these changes,
view but were not intended to provide an exhaustive 37 (77%) were conservative substitutions. Variation in
survey of EHDV-2 segment 2 diversity (Table 2). Five of
the six EHDV-2 field isolates had nucleotide sequences
of 3002 base pairs. Isolate 600044 contained a single C
insertion at position 2939 (as determined by sequence
from two different cDNA clones), which resulted in a
nucleotide sequence of 3003 base pairs. Correspond-
ingly, 982 amino acids were predicted for five of the
isolates, whereas isolate 600044, which possessed a
substantially shifted reading frame at the 3* terminus,
encoded a VP2 of 985 amino acids (Fig. 1). Since the field
isolates were cloned by RT/PCR using terminal primers
derived from the sequence of the SV 124 strain of EHDV-
2, we excluded the terminal 22 and 24 nucleotides from
the 5* and 3* termini, respectively, in sequence analyses.
Nucleotide differences between prototype and field
strain cDNAs were confirmed by sequencing a minimum
of two independently derived cDNA clones. Nucleic acid FIG. 2. Phylogenetic tree derived from the nucleotide sequence varia-
sequences were compared in a pairwise fashion (15) in tion in segment 2 of EHDV-2 field isolates. The Alberta isolate is indi-
cated as SV 124. Numerical values corresponding to genetic distancesorder to determine genetic identities. Nucleic acid identi-
(predicted values 1 1000) are given on individual lines, while the per-ties between the EHDV-2 SV 124 strain and the field
centage significance of the branches to the right of the node areisolates of EHDV-2 varied from 97.9 to 99.3%, indicating
indicated in parentheses. This tree was generated using the Kimura
a high degree of genetic conservation. two-parameter model (25), least-squares method (26), in a bootstrap
Genetic differences between the prototype and the six analysis (100 replicates) (27). The genetically related sequence from
EHDV-1 segment 2 functioned as an outgroup for this unrooted tree.field isolates occurred in a random fashion and a specific
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predicted amino acid identities among the field isolates true for a more extensive EHDV data set, they may pro-
vide the means to determine by molecular epidemiologyranged from 96.9 to 99.5%. EHDV-2 field isolates 600041,
the geographic region of similar viral infections. Further600042, and 600045 were the most similar to SV 124, in
analysis of geographically distinct isolates may give newaddition to exhibiting a high degree of sequence similar-
insight into the extent of virus heterogeneity as well asity among themselves.
to the dynamics of EHDV evolution.To identify patterns of viral genetic evolution within
the North American continent a phylogenetic tree (Fig.
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